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??  ???????????????????????, ??????????????
???(Tor douronensis)??? 13? Sox????, ??? SoxB, SoxC? SoxE???. ???
?? Sox??????????????????????????, ????, ?? Sox19?
???????? Sox??????. ??????, ???????????? Sox????
???, ?????????. ????, ???? Sox ???????????, ????
??????????? Sox4a, Sox9a? Sox9b???????????. ???? Sox9a?
Sox9b??????????????????????????????????. 
???   
???? 
Sox?? 
??? 
????? 
???? 
  
 
Sox ???????????????????, 
???????????????? 79 ?????
???? DNA???, ? HMG???. Sox???
????????, ? Gubbay??[1]? 1990???
????????????? SRY ????? . 
Bowles??[2]?? Sox?????????????
??????? , ??????????????
Sox ?????????????, ??? Sox ??
??????? SoxA~J 10 ???. Schepers ??[3]
?????? Sox ??????????????
???, ??????????? 20 ??????
Sox????, ??? SoxA~H 8?????. ???
? , ???? (Danio rerio)[4]???????  (Takifugu 
rubripes)[5]???? Sox ???????, ????
??? Sox????????????????, ?
??????????????????????
???. 
????????????????????
???????????????? , ?????
????????????????? [6~8]. ?? , 
Ohno[6]???????????????????
????????? , ? “2R”?? (two-round ge-
nome duplication), ??????????????
????, ????????????????[9~11]. 
????, ?????????????, ????
?????????????? (fish-specific ge-
nome duplication, FSGD), ???????????
????????????????????
?[12~16]. ????, ??????????????
??????, ????????????????
??????, ????????????[17]. ??
???? , ???? (Polyodon spathula)???
(Protopterus dolloi)?????(Lepisosteus oculatus)
????, ???????????? 25~100 ??
??????????(autotetraploidization)[6,18]. ?
???????????????????????
???????? , ???(Carassius auratus)??
?? (N = 4, 2n = 100), ????? (Schizothorax 
prenanti)????(N = 6, 2n = 148). ???????
?? , ???????????????????
????????[19]. ?????????????
???????????????????????
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???????????[20,21].  
????????????????????
?????? , ???????????????
???????????????? . ?????
??????????????????????
? ? (Saccharomyces cerevisiae)[22] ? ? ? ?
(Arabidopsis thaliana)[23,24]???[25]???????
???????? [26], ????????????
??????????????????. ??, ?
????????? , ????????????
????????? , ????????????
???????????? , ?????????
??? , ??????????????????
????. ????????, ?????????
????????????(Tor douronensis)? Sox
??. ?????????, ??????????
??(N = 4), ?????? 2n = 100[20]. ?????
?????? [27]??, ????????????
?, ?????????? 2 ??????, ???
??????????(?)??????????
????. ???????????????? Sox
??, ???????????? Sox??????
????????, ?? Sox??????????
?????? , ???????????????
??????. 
1  ????? 
(?) ???? .  ????????????
(??)???????. ????????????
?[28]1998 ?????. ????????? 95%?
??? , ??????????????????
??????, ???? IHBCY0405871. 
(?) DNA ????????????????.  
? 95%??????????????? DNA, ?
?????/?????[29]. ???????? Sox
?? HMG ?????????? SoxN ? Sox9[30]
?? Sox ?????. ?? SoxN ???? 5′-ATG 
AAY GCN TTY ATG GTN TGG-3′? 5′-GGN CGR 
TAY TTR TAR TCN GG-3′, ?? Sox9 ????
5′-ATG AAY GCS TTY ATG GTI TGG-3′? 5′-GTC 
IGG GTG RTC YTT CTT RTG YTG-3′. PCR????
??? 50 µL, ?? 1×??? (Invitrogen), 0.25 
mmol/L dNTPs (Promega), 2.5 U Taq DNA ???
(Invitrogen), ??? 0.2 pmol/L, 40~50 ng ???
DNA, ?????????????. PCR????
?: 94???? 3 min; 94??? 30 s, 52??? 60 s, 
72??? 1 min, 35???; 72???? 5 min. ??
?????? DNA ????????. ?????
1%?????????, ? AxyPrep DNA ????
???(Axygen)???? . ????? TA cloning 
???(Invitrogen)??????????. ????
???????, ???????????, ???
?????????????. 
(?) ????. 
(1) Sox?????.  ? Clustal X[31]?????
?????????????????? , ???
??????????????????? . ?
GenBank?????? BLASTN? TBLASTX??, 
???????????, ?????? Sox???
???? HMG ???????????? Sox ?
????. ????????? Sox???????
? MEGA 4.0[32]???????????????, 
??? Bowles??[2]?????, ??? Sox???
?????????????????? Sox ??
????????.  
(2) ?????? .  ?????????
(minimum evolution, ME)?????(Bayesian infer-
ence)????????? Sox ?????????
???. ????????? Sox????????
??? MEGA 4.0 ??? ME ??, ??? Equal 
Input. ????????? Sox?????????
? Mrbayes 3.1.2[33]???????(Bayesian Infer-
ence, BI), ????????? Modeltest 3.7[34]??
???? , ?  hLRTs ?? , ?????????
TrN + I + G. ??????? (MCMC)???? : 
starting tree = random, number of chains = 4, number 
of generations ? 4000000, sample frequency = 100, 
temperature = 0.5, burn-in = 20000. ???????
?, ????????(Homo sapiens), ?????
?????  ? Sox????????????? Sox?
?????????, ???? TCF7??(GenBank 
????: NM_201632.1)????.  
(3) ??????.  ????????(????
?????????)?MatGET v2.02[35](BLOSUM50 
  
 
 
?
  1397 
? ? 
scoring matrix)???. ?MEGA 4.0???????
????? Sox ??????????(synonymous 
substitution rates, Ks)???????(nonsynonymous 
substitution rates, Ka)???? Nei-Gojobori[36]???
?????, ????? Sox??????????
(d)?????? Kimura ???? . Z ?????
MEGA 4.0???, ???????????????
??????? Sox?????????????. 
2  ?? 
2.1  ???? Sox ????????????   
?? 
???????? SoxN? Sox9?? PCR??, 
????? PCR??????, ?????? 36?
?????????. ????????? Sox?? 
??????(???????)????????
????????(?  1). ????????? Sox
????????????????????? , 
?? Bowles ??[2]2000 ??????, ??? Sox
???????????????? BLAST???
??, ?????? 13 ???????? Sox ??, 
???????? Sox????, ????????
?? 1. 
?????? ME ??(? 2(a))??, ????
???? Sox ???????? Sox ???? B, C
? E[2]. ??? SoxN ?? PCR ?????? Sox ?
??? SoxB ? SoxC, ?????? Sox ????
HMG ??????????, ? Galay-Burgos ?
?[30]???????. ??? Sox????????
Sox ????? Sox4, Sox11, Sox21, ???? Sox 
 
 
 
? 1  ???? Sox?? HMG??????(a)??????(b)??? 
??(·)???????????????. (a) ?( | )?????? Sox????????? 
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? 1  Tor douronensis Sox???????(?????????????) 
???? Sox?? 
?? ID ??? ??/bp ???? GenBank??? 
?? ??? Sox???? 
TDN15, TDNa)20 2 162 Sox4ai EU399799 
TDN16, TDN24 2 162 Sox4aii EU399800 
Sox4a 
TDN12, TDN14, TDN18 3 162 Sox4b EU399801 Sox4b 
TDN25, TD9b)112 2 162 Sox11b EU399802 
C 
Sox11b 
TD924~TD928, TD936  6 335(191)c) Sox9ai EU399808 
TD941~TD944 4 627(483) Sox9aii EU399809 
Sox9a 
TD9518~TD920 3 805(661) Sox9bi EU399810 
TD953, TD958 2 823(679) Sox9bii EU399811 
E 
Sox9b 
TDN5, TDN10, TD9110 3 144 Sox14a EU399803 Sox14ad) 
TD9113, TD9117 2 144 Sox14b EU399804 Sox14bd) 
TDN13, TDN19, TDN21 3 162 Sox19b EU399807 Sox19b 
TDN7, TDN9 2 162 Sox21a EU399806 Sox21a 
TDN4, TDN8 2 162 Sox21b EU399805 
B 
Sox21b 
a) TDN ???????? SoxN?????; b) TD9 ???????? Sox9?????; c) ???????????; d) ??
????    ? Sox?? 
 
 
? 2  ??? Hu-TCF7L2????????? Sox?? HMG??????????? 
(a) ???????? ME??; (b) ?????????????. ????????? Sox??????. (b) ?????????
?????(Bayesian posterior probabilities, BPP). HU, ?; TD, ????; Zf, ???; Fugu, ?????(Takifugu rubripes) 
 
??????????????. ???? Sox9 ?
?? PCR????? 200~1300 bp??, ?????
?? SoxB? SoxE?, ?????? Sox?????
Sox9 ? Sox14. ??????, ?? Sox ?????
?????? , ???????????????
??. ??????? Bayesian ????(? 2(b))?
???, ?? Sox ?????? SoxB, SoxC ? SoxE
??????, ????????? Sox?????
?????????????????? Sox4b, 
Sox11b, Sox14a, Sox14b, Sox19b, Sox21a, Sox21b??
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? ? 
???? 2?????? Sox4a, Sox9a? Sox9b. ?
??????????????? , ??????
???????? Sox19b. 
2.2  ???? Tor douronensis? Sox??????
????? 
? 2??????? Sox??????????
???????????(ortholog)???????
(Paralog)??????????????????. 
????, ??????, ???? Sox ?????
????????????????????? ; 
??????????? , ??????????
?. ?? Sox4a ??????? Sox4ai ? Sox4aii ?
??? Sox4a?????????????? 96.9%
? 90.7%, ????????????? 90.1%; 
Sox4ai ???? Sox4a ?????????? , 
Sox4aii ? Sox4ai ???? Sox4a ????????
???? 98.1%. ??????? Sox9a? Sox9b, ?
??? Sox9a? Sox9b?????????????
????????. ????, Sox9a ??????
??????????????????????
?, ????? 191 ? 483 bp, ????? 35%;  
Sox9b ?????????????????? 661
? 679 bp, ???? 68.8%.  
????????? Sox4a, Sox9a? Sox9b??
????????????????? 3. ????
?? , ??????????? Sox4a, Sox9a ?
Sox9b???????, ????????????, 
????????????????, Z ?????
??????????????. 
3  ?? 
3.1  ????? Sox?????????? 
??????? Sox ???????????
???? , ?????????????????
?? 13 ? Sox??? HMG ??????????, 
???? SoxB, SoxC? SoxE?[2]. ???????
?? Sox????, ??????????????
?, ????????? Sox ????????. ?
???????????????????????   
????????, ???????? Sox????
? Sox4b, Sox11b, Sox14a, Sox14b, Sox19b, Sox21a, 
Sox21b. ??????????? Sox4a, Sox9a ? 
 
? 2  ???? Sox????????????????????????????????????(???) 
??? ?? ???? ????? 
a b 
? 
1 Sox4ai 90.1a)/98.1b) 96.9/100.0 84.6/98.1 85.8/100.0 
2 Sox4aii  90.7/98.1 87.7/96.3 90.1/98.1 
3 Sox4b Vs. Sox4ai: 76.5/94.4 Vs. Sox4aii: 76.5/92.6 77.8/94.4 74.1/94.4 76.5/94.4 
4 Sox9ai 84.6/100.0 78.4/87.0 75.3/88.9 74.1/87.0 
5 Sox9aii  78.4/87.0 74.7/88.9 74.7/87.0 
6 Sox9bi 84.0/100.0 74.1/87.0 78.4/88.9 72.8/87.0 
7 Sox9bii  75.3/87.0 77.8/88.9 70.4/87.0 
8 Sox11b NCc) 85.2/100.0 95.1/100.0 84.6/100 
9 Sox14ad) Vs. Sox14b: 76.4/97.9 72.8/87.0 72.2/87.0 67.9/87.0 
10 Sox14bd)  73.5/88.9 75.3/88.9 66.0/88.9 
11 Sox19b NC 79.6/98.1 88.9/98.1 NC 
12 Sox21a Vs. Sox21b: 75.3/96.3 88.9/100.0 76.5/96.3 75.9/96.3 
13 Sox21b  78.0/96.3 95.1/100.0 80.2/100.0 
a) ????????; b) ????????; c) NC ??????; d) ?????(Takifugu rubripes)? Sox?? 
 
? 3  ???? Sox????????????? 
????? ??/bp ????? ?????? ???????/Ka ???????/Ks Ka/Ks Z??? P?
Sox4ai vs. Sox4aii 162 15 1 0.0087 0.4276 0.0203 0.0009a) 
Sox9ai vs. Sox9aii 144 7 0 0.0000 0.1748 0.0000 0.0118 
Sox9bi vs. Sox9bi 144 8 0 0.0000 0.1984 0.0000 0.0075 
a) ?????, P < 0.05 
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Sox9b, ?? Moghadam ??[37]???(Oncorhynchus 
mykiss) Hox ???????, ?????????
????????? Sox4ai, Sox4aii, Sox9ai, Sox9aii, 
Sox9bi? Sox9bii. 
???????????(N = 4, 2n = 100)[20], 
?? Sox?? HMG??????????????
????? Sox ??[2], ???? Sox4a, Sox9a ?
Sox9b????????????????????
? , ????????????????????
(segmental duplication)???[37,38]. ???????
?????? , ???????????????
?????????????????????. ?
???????????? Sox ?? , ? Sox4b, 
Sox11b, Sox14a ? Sox14b ?, ??????. ???
??????????????????????
?? [27], ??????????????????
?; ???????? PCR ??????????
??????????????????????
? , ????????????????????
??????. ??, ????? Sox??????
????????????. ??, Sox ?????
????????????????? , ????
?????????? , ???????????
?? Sox??????, ????????????
???????? Sox ????????????
??. 
3.2  Sox??????????? 
????????????? , ??????
???????????????. ?????, ??
????? Sox4a, Sox9a? Sox9b????????
?. ?????????????????????
??????, ????, Lynch ??[39]??????
? 3???: (?) ????????????????
?????? , ???????(nonfunctinalizatin); 
(?) ????????????????????
????, ???????????????, ??
?????(neofunctinalizatin); (?) ??????
????????????????, ??????
???????, ???????(subfunctinalizatin). 
? Lynch??[39]???????(M. musculus)??(G. 
gallus)???(C. elegans)???(D. melanogaster)??
??(A. thaliana)???(O. sativa)??????(S. 
cerevisiae)??????????, ???????
??????????????????????
????????, ?????, ????????
??????. Brunet??[26]??????????
?????????????????? . Luo ?
?[40]????????(Carassius auratus auratus)?
Hox????????, ??? Hox???????
??????????? , ??????????
?????(dosage effects)??????. ????
???????? Sox???, ?????????
? Hox ????????????. ??????
??????? Sox4a, Sox9a? Sox9b, ?????
?????????? , ???????????
????????????, Z ?????????
??????????????, ???? Lynch?
? [39]?????, ?? Hughes ?? [41]?????
(Xenopus laevis)??? Tiffin ?? [38]??? (Zea 
perennis)???????? . ???? , ????
Sox9a? Sox9b????????????????
??????? , ??????????????
?????????? , ???????????
?????????????? . ???????
?????????????????? , ???
?????????????????????
(allopolyploidization) ? ? ? ? ? ? ? ? ?
(allotetraploidy), ?? Sox9a ? Sox9b ??????
??????????????????????
?. ??, ????????????, ?????
??????????????????????
?. 
3.3  Sox ??????????????????
???????? 
??????????? Sox ??????
SoxB, SoxC? SoxE?. ????, ????? SoxB
?????? Sox19b, ????????????
????? , ????? [42]?????? [5]???
????????. ??????, Sox19 ????
??????????????? , ??????
???????, ????????? Sox19; ??
?? Sox19 ?????????????????
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? ? 
???, ????????????, ??????
????????? Sox19, ??????????
????. ?????????????, ????
??????????? Sox19 ????????
??????????. 
???????, ????????, ????
? Sox??(Sox4, Sox9, Sox14? Sox21)? 2~4???
??? , ??????????????????
???????[4,5,43]. ????, ????????
????????????????????? . 
??, ????????? 4? Hox???, ???
?????????? 7? Hox???[12,13,44,45]. ?
?, ??????????????????, ??
??????????????????????, 
????????????????? , ????
??????????????????????
??????. ?????, ??????????
Sox ???????????????, ????? 
??????????????(? 3). Meyer??[46]
????????? /??????“one-to-four-to- 
eight”???, ????? Sox9 ?????????
?????? , ???????????????
??? /??????????“one-to-four-to-eight- 
to-sixteen-to-more”, ?????????????
????. ??? Sox??????? Hox????
?????????????????[38], ?? Sox
??? Hox ?????????????????
???????????. 
 
? 3  ??? Sox ??????????????? 
??    ???????????????????????. 
???? 
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